Based on the surface meteorological data of Jiangsu Province during 1980-2012, the climatic characteristics and the trends of haze were analyzed. The results indicated that during 1980-2012 haze days increased; in particular, severe and moderate haze days significantly increased. In the northern and coastal cities of Jiangsu Province China, haze days showed a significant increase. Haze often appeared in fall and winter and rarely in summer in the study area. It also occurred more often inland, and less along the coast. Haze occurred more often in June due to straw burning in the harvest time. The haze day increased during the 1990s over southern and southwestern Jiangsu Province; in central and northern Jiangsu, haze day increased after 2000. The continuous, regional, and regional continuous haze days all showed increasing trends. As the urban area expanded each year, industrial emissions, coal consumption, and car ownership increased accordingly, resulting in regional temperature increase and relative humidity decrease, which formed the urban heat island and dry island effects. Hence, haze formation and maintenance conditions became more favorable for more haze days, which led to the increase of haze days, and the significant increases of continuous, regional, and regional continuous haze days.
Introduction
Haze is also called gray haze [1] . According to the China Meteorological Administration (CMA) standards for haze observation and prediction [2] (2010), haze is defined as a turbidity phenomenon with many very small dry dust particles floating in the air, causing visibility to be less than 10 km. Haze makes distant bright objects appear yellow and red and makes dark objects blue. The causes of haze are complex [3] . The aerosols in haze, besides reducing visibility [4, 5] , contain a lot of poisonous and harmful particles [6] [7] [8] [9] [10] , can endanger human health, and cause respiratory and cerebrovascular diseases [11] .
Many domestic and foreign researchers have carried out research on the climate characteristics of haze [12] [13] [14] [15] [16] [17] [18] [19] [20] . Gao [12] suggested that the spatial distributions of haze in China in terms of annual and seasonal means showed more haze in the east and less in the west, and the haze days were significantly increased over the years. Yu et al. [13] studied the climate characteristics of haze days in 1971-2010 and found that haze was mainly concentrated in North China, Henan, the Pearl River Delta (PRD), and the Yangtze River Delta. Eastern China [16, [21] [22] [23] [24] , the Beijing-Tianjin-Hebei region [25] [26] [27] , and the PRD region [28] [29] [30] [31] [32] experienced rapid economic development, so their urbanization was more advanced, and these regions suffered the most serious atmospheric pollutions as a result. Zhang et al. [33] found that Europe experienced the decline of low visibility weathers (e.g., fog, mist, and haze) over the past 30 years (1980-2009) , consistent with the falling of sulfur dioxide emissions, which illustrates the significant contribution of reduced emissions to improved air quality.
With the rapid economic development and urbanization, the climate characteristics in Jiangsu Province showed great changes in recent years, in terms of frequent severe or extreme weathers, including haze [34, 35] . Yuqing et al. [36] and Tong et al. [37] analyzed the climate characteristics of haze and its influence factors in the Nanjing area. Since the abovementioned research was based on haze weather records by 2 Advances in Meteorology observers (not by instruments), it lacked scientific standards. In addition, there were no analyses on the continuous and regional characteristics of haze and no haze correlation. This study is based on the CMA standards for haze observation and prediction [2] (2010), with some revision, to show the climate characteristics of haze days in Jiangsu Province in recent years, including the reconstruction of haze days in the cities of Jiangsu Province, their climate characteristics, haze, time, and space distribution characteristics. By using statistical data of economic development and pollutant emission data, we analyze the causes for the changes of haze days. In this study, we also used data from the Statistical Yearbook of Jiangsu Province from 1994 to 2011, which mainly include data on economic development, such as the fully developed area, amount of coal combustion, amount of industrial emission, and number of private cars owned.
Data and Method
In this study, we also used data of regional atmospheric pollutants between 1980 and 2008, provided by the Atmospheric Research Database of the European Commission, which covers the area from 116 ∘ E to 122 ∘ E and 30 ∘ N to 3.5 ∘ N. In this study, we used 10 years as one decade and calculated statistics on the regional distributions of the average decadal emissions of NO , SO 2 , and PM 10 .
Analysis
Method. At present, there are different definitions for haze, and many researchers use different criteria in their studies of haze. In this paper, we use a modified version of the method described by Wu [38, 39] and selected daily meteorological data from 1980 to 2012 to determine the visibility and relative humidity at 08:00, 14:00, and 20:00. A day is considered hazy day when the visibility is <10 km and the relatively humidity is <90; other events (such as rainfall, snow, snow storm, sand dust, dust storm, dust, and smoke) that can cause low visibility are excluded. Based on visibility (vis), we classified haze into four grades (Chinese Meteorological Administration, 2010); namely, the haze is considered light if 5 km ≤ vis < 10 km, mild if 3 km ≤ vis < 5 km, moderate if 2 km ≤ vis < 3 km, and heavy if vis < 2 km.
To study the regional characteristics of haze, we used the method in Zhou et al. [40] to determine the regional distribution of heavy fog and selected eight cities that are south of the Huaihe River. When haze appeared at three adjacent stations in one day and covered three provincial-level cities, it is considered as regional haze. Because the influence of haze is relatively significant when the visibility is below 5 km, the visibility of regional haze is considered when it was below 5 km in this paper. As for continuous regional haze, we selected the number of hazy days when there were three or more hazy days at three or more stations as one continuous regional haze event.
Characteristics of Spatial and Temporal Distribution of Hazy Days

Interannual and Decadal Variation.
Based on the characteristics of the variation and regional differences in the number of hazy days, we divided the 13 cities in Jiangsu Province into four regions: southern (Suzhou, Wuxi, and Changzhou), coastal (Lianyungang, Yancheng, and Nantong), southwestern (Zhenjiang, Yangzhou, Taizhou, and Nanjing), and northern (Xuzhou, Huaian, and Suqian) ( Figure 2 ). Since the 1980s, the number of hazy days in the province generally exhibited an upward trend, and the number of heavy and moderate hazy days also exhibited upward trends (Table 1) .
From the perspective of regional distribution, the number of hazy days was less than 80 d in the cities of central Jiangsu during the 1980s and exceeded 110 d in the cities in northern and southern Jiangsu during the same period. In the 1990s, the number of hazy days declined in the three coastal cities, while the number of hazy days increased to different extents in southern Jiangsu and along the Yangtze River. In particular, the increase was the fastest in Nanjing, where the number of hazy days reached 154 d. After the 1990s, the increase in the number of hazy days was relatively faster in northern Jiangsu, and the variation in the number of hazy days in southwestern and southern Jiangsu was not significant (Figure 1 ).
For the three cities in southern Jiangsu, the number of hazy days essentially remained in the range from 90 to 150 d after 1980, and the variation was not significant in the 33 years; the number of hazy days during the 33 years also remained essentially constant for the four cities in southwestern Jiangsu; for the three coastal cities, the number of hazy days reached its minima before and after 1995 and then began to increase after 1997, and the number of hazy days reached its highest level in the last three years of the study period; for the three cities in northern Jiangsu, the number of hazy days was approximately 100 d after 1980, declined to approximately 90 d after 1990 and exhibited an upward trend similar to that in the three coastal cities after 2000. 
Seasonal and Monthly Variation.
Haze had significant seasonal features in the province ( Table 2 ). The number of hazy days was relatively high in fall (from September to November) and winter (from December to February of the following year), and the difference between the two seasons was not significant, with the number of hazy days being 393.8 d in both seasons. The number of hazy days was relatively low in spring (from March to May) and summer (from June to August), being approximately 305 and 273.1 d, respectively. The numbers of heavy and moderate hazy days were about 18 and 30 d, respectively. Besides this seasonal feature, there were also regional differences (Figure 3 ), but it was essentially relatively high in the south and northwest, and low along the coast.
As for the monthly variation in the number of hazy days in the 13 cities (Figure 4 ), the number of hazy days was relatively high from October to January. In particular, there were relatively more hazy days in Wuxi, Suzhou, Nanjing, Taizhou, Yangzhou, Xuzhou, and Suqian. The number of hazy days was the lowest in July and August. In all the cities except for Suzhou, Wuxi, and Changzhou, there was a peak in the number of hazy days during June. This was mainly because Winter June was the summer harvesting and sowing season and the pollution generated by burning straws caused the air quality to deteriorate, forming haze.
Characteristics of Temporal and Spatial Distribution of Continuous
Haze. In addition to correlation with economic development, the length of a sustained haze event and the number of hazy days were correlated (Table 3) . From 1980 to 2012, there were a total of 5105 continuous haze events that lasted for three or more days in the 13 cities, 310 continuous haze events that lasted for more than 8 d in the province, and 56 continuous haze events that lasted for more than 12 d. In particular, there was one continuous haze event that lasted for the distribution of hazy days, and in the cities with higher numbers of hazy days, there were also relatively higher numbers of continuous hazy days. Figure 5 shows a comparison of data from the stations in Taizhou and Nanjing and an analysis of the interannual variation in the number of hazy days and continuous hazy days in one year. It can be seen that the number of continuous hazy days lasting for more than three days is positively correlated with the number of hazy days.
Not only did the number of continuous hazy days increase, but the number of regional haze events also gradually increased year by year ( Figure 6 ). Because the influence of haze is relatively more significant when the visibility is below 5 km, in this section we select the haze events that reduced the visibility to below 5 km. The number of regional hazy days was relatively small in the 1980s, and the number of hazy days was between 10 and 20 d; the number of regional hazy days increased in the 1990s, and the number of hazy days was generally between 20 and 30 d; the number of regional hazy days increased relatively quickly in the 2000s, when it was more than 30 d in most cities (in particular, it was the greatest in Taizhou, which experienced regional hazy days for 542 d). The hazy day in all cities remained approximately 30 d from 2010 to 2012. Figure 7 shows the characteristic monthly variation in the number of regional hazy days in the eight cities that are south of the Huaihe River. For the four cities in the west (Nanjing, Zhenjiang, Yangzhou, and Taizhou), the number of regional hazy days was the highest in January, June, and from October to December, and for the four cities in the east (Changzhou, Wuxi, Suzhou, and Nantong), it was relatively high only from October to December. The relatively high number of regional hazy days in the western cities during June was closely related to the burning of straws during summer harvesting and sowing season.
Continuous Features of Regional
Haze. In Section 3.3, we discussed the continuous and regional features of haze in different cities when the visibility was below 5 km. Here, we discuss the regional features of continuous haze in the eight cities that are south of the Huaihe River when the visibility was below 5 km. Similarly, we selected the haze events that lasted for more than three consecutive days at more than three stations. From Table 4 , we can see that between 1980 and 2012 more than three stations reported up to 71 regional haze events that continued for three days, up to 31 regional haze events that continued for four days, and 11 regional haze events that continued for more than five days. There were twelve regional haze events that continued for more than 6-11 days in the area south of the Huaihe River, and many stations reported regional haze events that continued for more than 6 d, especially in southern Jiangsu.
From the analysis in Table 4 , we can see that a continuous haze event that lasted for many days had very strong regional features. Moreover, continuous regional haze events that lasted for many days almost exclusively appeared between October and February of the following year. Figure 6 : Space-time distribution of continuous hazy day south of the Huaihe River (yearly average).
Factors Affecting the Variation in the Number of Hazy Days
The total developed areas in the cities of the province increased by a factor of 3.15 from 1994 to the end of 2011 (Figure 8 ). In addition to the four economic indicators mentioned above, since the 1980s the annual-averaged amount of pollutants (including NO , PM 10 , and SO 2 ) emitted had also been constantly increasing in Jiangsu Province and surrounding areas ( Figure 9 ). (1) Since the 1980s, the spatial distribution of these three pollutants had been higher in southern Jiangsu and along the Yangtze River than in northern Jiangsu and along the coast; therefore, the number of hazy days in southern Jiangsu and along the Yangtze River was higher than in northern Jiangsu and along the coast most of the time. (2) Since 2000, the increment in the amount of pollutants emitted had been relatively significant in northern Jiangsu and along the coast; as a result, the number of hazy days had increased significantly in northern Jiangsu and along the coast during the last several years of our study period. (3) The areas with high concentrations of pollutants south of the Huaihe River had been connected into one big region, and its range was gradually expanding; therefore, the increase in the number of continuous and regional hazes in this region was significant.
Haze forms on the basis of many meteorological and environmental factors but particularly on the basis of two meteorological factors: temperature and relatively humidity. Previous studies [12, 41, 42] indicated that changes in meteorological conditions, regional urbanization, and land use can cause temperature to increase and relative humidity to decrease, which resulted in more frequent hazy days. Li et al. [43] analyzed the effects of city and economic development in China after 1978 on fog. They found that as the urban developed areas expanded, the amount of vegetation coverage in the city gradually declined, as did relative humidity. The urban heat island effect became more obvious, and the number of hazy days exhibited a downward trend in the cities. Therefore, the expansion of urban areas and the increase in industrial emissions and coal combustion caused the number of hazy days to increase in these cities. From 1980 to 2012, there were considerable changes in the annual-averaged temperature and relative humidity in the four regions of Jiangsu Province (Figure 10) . From 1980 to 2006, the temperature increased significantly, and the relative humidity exhibited a downward trend. During this period, the number of hazy days in the four regions of the province exhibited an upward trend. From 2006 to 2012, the temperature in these four regions again exhibited a downward trend, and the relative humidity remained essentially unchanged in the other regions, except for the three cities in northern Jiangsu; as a result, the number of hazy days in southern and southwestern Jiangsu also decreased. In addition, because the relative humidity had been much lower in northern, southwestern, and southern Jiangsu than in the coastal area since 2000 and the temperature had been much higher in southern and southwestern Jiangsu than in the coastal cities, the number of hazy days had been greater in the inland regions than along the coast.
The above analysis has shown that, alongside city and economic development, the urban developed area expanded and the amount of industrial emissions and automobile exhaust increased, causing changes in the meteorological environment in these cities and surrounding areas. The temperature slowly increased and the relative humidity decreased, creating an urban heat island effect and leading to the dry island effect. The conditions for fog formation gradually weakened. In addition, increments in the amount of pollutants emitted enhanced the conditions for the formation and maintenance of haze; therefore, the increase in the numbers of continuous, regional, and continuous regional hazy days was also obvious. Province exhibited an upward trend, and the increments in the numbers of heavy and moderate hazy days were significant. The number of hazy days increased significantly in northern Jiangsu and in the coastal cities. The number of hazy days was the highest in fall and winter and the lowest in summer. The haze in fall and winter generally occurred inland and was relatively rare along the coast. The number of hazy days was the greatest between October and January and relatively high in June, except in the three cities in the south.
Conclusions
(2) The number of hazy days was relatively uniform across the province in the 1980s, and it increased in southern and southwestern Jiangsu during the 1990s. In the 2000s, the number of hazy days began to increase between the Yangtze River and the Huaihe River and in northern Jiangsu; from 2010 to 2012, the number of hazy days increased significantly in northern Jiangsu and decreased slightly in southern Jiangsu. The length of haze event and the number of hazy days in regional haze changed synchronously with the number of hazy days; in the cities with more hazy days, the number of continuous hazy days was also relatively high.
(3) The urban developed area expanded slightly every year and the amount of pollutants resulting from industrial emissions and automotive exhaust increased annually, which caused the regional temperature to increase and relative humidity to decrease. Along with the increase in the amount of pollutants, the conditions for the formation and maintenance of hazy days were strengthened, and the frequency of continuous, regional, and continuous regional hazy days also increased relatively significantly.
